This is the accepted version of the following article: Dietary patterns during high school and risk of colorectal adenoma in a cohort of middle-aged women, which has been published in final form at http://onlinelibrary.wiley.com/doi/10.1002/ijc.28578/full. Novelty and Impact: This is the first large-scale study on dietary patterns during adolescence and risk of colorectal adenoma later in life. In the Nurses' Health Study II, a large prospective female cohort, we used a validated and detailed 124-item high school food frequency questionnaire to assess dietary patterns. Our results suggest that overall eating patterns during high school may influence later risk of rectal and advanced adenoma, independent of adult diet, thus contributing to the growing evidence that early life exposures may have important consequences for later cancer development.
Introduction
Colorectal adenomas are established precursors of colorectal cancer, one of the major causes of cancer death in the US and other countries 1, 2 . Among adults, dietary patterns correlating highly with intake of red meat, processed meat, refined grains and potatoes have been associated with higher risk of colorectal adenoma [3] [4] [5] and colon cancer [6] [7] [8] [9] , while dietary patterns characterized by high intakes of fruit and vegetables have been associated with lower risk of colorectal adenoma [3] [4] [5] and colon cancer [6] [7] [8] [9] . However, despite colorectal carcinogenesis being a long process that can take several decades 10, 11 , few studies have examined whether diet during early life is associated with risk of colorectal adenoma or colorectal cancer later in life 12, 13 . We hypothesized that overall eating patterns during adolescence may influence risk of colorectal adenomas later in life and therefore investigated the association between dietary patterns during high school and later risk of colorectal adenoma using data from the Nurses' Health Study II (NHS II), a large prospective US cohort.
Subjects and Methods

Study population
Details about the NHS II cohort have been reported previously 14 . In brief, the NHS II cohort included 116,671 female registered nurses who responded to a mailed questionnaire inquiring about lifestyle characteristics and medical history in 1989 when they were between 25 and 42 years old. After 1989, every two years questionnaires were mailed to participants to update lifestyle factors and to ascertain newly diagnosed diseases. In addition, every four years dietary intake was assessed by means of mailed food frequency questionnaires (FFQs). Followup response rates were approximately 90% in each two-year follow-up cycle 15 . On the 1997 follow-up questionnaire, participants were asked if they were willing to fill in an additional FFQ about their diet during high school (HS-FFQ). Of the entire cohort, 64,380 women (55%) indicated willingness to do so and 47,355 women completed the HS-FFQ in 1998 (83% of women who were mailed the HS-FFQ). At the time of completion of the HS-FFQ, participating women were between 34 and 51 years old. Women who indicated willingness to fill out the HS-FFQ did not differ from women who did not in terms of baseline dietary intake or risk factors for colorectal cancer or adenoma 16 .
Only women who returned the HS-FFQ and underwent at least one lower bowel endoscopy between return of the HS-FFQ in 1998 and December 2007 were included in this study. After excluding women with a history of cancer or colorectal adenoma or hyperplastic polyps prior to return of the HS-FFQ, and women who reported implausible daily caloric intake for baseline intake levels (1991 FFQ, <600 or ≥3,500 kcal/day; n=2,117) or for high school intake levels (HS-FFQ, <600 or ≥5,000; n=1243) or had incomplete records (HS-FFQ, n=164;
1991 FFQ, n=244), 17,221 women formed the study population. This study was approved by the Institutional Review Boards of the Brigham and Women's Hospital and the Harvard School of Public Health.
Information on endoscopies
On each follow-up questionnaire, participants were asked whether they had had a lower bowel endoscopy (sigmoidoscopy or colonoscopy). Starting with the 2003 follow-up, sigmoidoscopies (which visualize only the rectum and distal colon) and colonoscopies (which visualize the entire colon and rectum) were inquired separately and on the 2005 follow-up questionnaires, participants were asked to indicate if lower bowel endoscopies in the past had been a sigmoidoscopy or a colonoscopy. As described in our previous NHS II study 17 , it is appropriate to include proximal adenomas as an outcome.
Identification of cases
If diagnosis of a colorectal adenoma was reported on one of the follow-up questionnaires, we requested the participant's permission to review medical records. Colorectal adenoma diagnoses were verified by study investigators using medical records who also extracted information on location, histological type, and adenoma size. We subdivided colorectal adenoma according to location into colon (proximal: cecum, ascending colon, hepatic flexure, transverse colon, splenic flexure; distal: descending colon, sigmoid colon) and rectal (rectosigmoid junction, rectum) adenoma and according to neoplasia phase into advanced adenoma (≥1cm in size or any mention of villous features or high-grade dysplasia) and non-advanced adenoma (<1cm in size and non-villous morphology without high-grade dysplasia).
Assessment of high school and adulthood diet
As described in more detail in a previous publication 18 , the HS-FFQ is a 124-item FFQ specifically designed to ascertain dietary intake during high school (grades 9-12, ages 13-17 years). It includes certain foods, such as peanut butter, milkshakes, and French Fries, that were commonly consumed when NHS II participants were in high school, i.e. between 1960 and 1980.
The HS-FFQ has been shown to be reproducible when HS-FFQs were administered a second time 4 years later to a subset of 333 NHS II participants (mean Spearman rank correlation for food intake 0.60, range 0.37-0.77) 19 . In a validation study among 80 young adults, i.e. children of randomly selected NHS II participants, who had completed three 24-hour dietary recalls and 2
FFQs (Youth Adolescent Questionnaire, YAQ) when they were between 13 and 18 years old, and then administered the HS-FFQ 10 years later, mean correlations for nutrient intake between HS-0.58 (range 0.40-0.88) 20 .
Adult dietary intake was assessed in 1991, 1995, 1999, 2003 , and 2007 using ~131-item FFQs ascertaining habitual dietary intake during the past 12 months. Food items and response categories were similar to the HS-FFQ 21 .
Dietary pattern analysis FFQ items were grouped into 37 food groups for the HS-FFQ and 40 food groups for the NHS II adult FFQs 18, 22 . Factor analysis was applied on the food groups to derive dietary patterns using the SAS procedure PROC FACTOR with the orthogonal rotation procedure varimax (for simpler structure and interpretability). The number of factors to retain was determined by eigenvalues (>1), inspection of Scree plots and interpretability. Factor analysis aggregates specific food groups on the basis of the degree to which food items in the dataset are correlated with one another 23 . Each resulting factor is a linear combination of all food groups weighted with their factor loadings. A dietary pattern score (factor score) for each pattern is computed for each participant by summing intakes of food groups weighted by their factor loadings. Dietary patterns were energy-adjusted using the residual method 24 .
Statistical methods
Associations between quintiles of high school dietary pattern scores and risk of colorectal adenoma were analyzed using logistic regression. Covariates that were assessed repeatedly in 
Results
Between return of the HS-FFQ in 1998 and December 2007, among the 17,221 women included in our study 1,299 women were diagnosed with a least one colorectal adenoma. Among these women, 1,116 adenomas were found in the colon and 215 adenomas in the rectum; 682 adenomas were non-advanced (early) and 329 were advanced.
We identified two major dietary patterns during high school, which were similar to adult dietary patterns observed in previous studies from our group 25, 26 (Supplementary Table S1 ). The Table S2 ). Pearson correlation coefficient between high school and adult (cumulative updated average) prudent pattern was 0.48 and between high school and adult Western pattern was 0.39.
Women with higher prudent pattern scores during high school tended to be leaner at baseline (1997), more physically active at ages 13-18 years, and had higher intakes of carbohydrates, fiber, calcium and total folate during high school, whereas women with higher Western pattern scores during high school tended to have a higher baseline body mass index (BMI), were more likely smokers, less physically active at ages 13-18 years and had lower intakes of protein, fiber, calcium and folate ( Associations were similar after stratification by family history of colorectal cancer, body fatness (body shape at age 10 years, BMI at age 18 years, current BMI, waist circumference) or physical activity between 13 and 18 years (all p-values for interaction >0.3). Associations were also similar when analyses were restricted to cases diagnosed at first endoscopy (data not shown).
Finally, we investigated whether the observed associations were attributable to major contributors to the dietary patterns: After adding intakes of fruit, vegetables, or better quality grains (for prudent pattern) or red meat, processed meat, snacks, fries, refined grains or desserts (for Western pattern) separately to the relevant multivariable models, associations between dietary patterns and adenoma were similar to those presented in Table 2 and 3.
Discussion
In this study, a higher prudent pattern during high school was associated with lower risk of rectal adenoma, whereas a higher Western pattern during high school was associated with a higher risk of rectal and advanced adenoma later in life.
Our results suggest that overall eating patterns during adolescence may influence risk of colorectal adenoma later in life. Very few studies have investigated associations between diet during childhood or adolescence and risk of colorectal cancer later in life and we are not aware of any study relating dietary patterns during adolescence to adenoma later in life. In the British
Boyd Orr cohort, a study of 4,999 children born in the 1920s or 1930s, with a follow-up of 65 years, dairy consumption during childhood assessed using data from household food inventories was significantly positively associated with risk of colorectal cancer later in life 13 , but results
were based on a small number of cases (76 cases). Recently, in the prospective NIH-AARP Diet and Health Study which assessed participants' diet at ages 12-13 years using a 37-item FFQ, vegetable intake during adolescence was inversely associated with risk of colon but not rectal cancer, independent of adult vegetable intake 12 . In that study, results also suggested a positive association between red and processed meat intake at age 12-13 years and colorectal cancer. In a previous study in NHS II, total red meat intake during high school was not associated with later risk of colorectal adenoma 16 . However, assessment of high school diet (37 versus 124 HS-FFQ items), age of the study population as well as outcome (colorectal cancer vs. adenoma) were different between the NIH-AARP Diet and Health Study and NHS II.
In adult studies, hyperinsulinemia has been associated with higher risk of colorectal cancer 27 through an effect on cell proliferation and apoptosis 28 either directly through the insulin receptor or indirectly through pathways involving the insulin-like growth factor (IGF) axis 29 .
During the growth period including adolescence, concentrations of growth factors such as IGF-1 are up to four times higher than during adulthood 30 . Therefore, childhood and adolescence may represent time periods with higher susceptibility to diets associated with hyperinsulemia or increase in IGF1 levels. Of note, findings from a previous study in the NHS II suggest that tallness-as a marker of IGF-1 exposure during the growth period-as well as higher body fatness during childhood may increase risk of colorectal adenoma, independent of adult adiposity 17 .
Other pathways through which dietary patterns may influence colorectal carcinogenesis include inflammatory pathways, which may also overlap with energy-balance related pathways 28, 31 . In previous studies involving two other cohorts, an adult Western dietary pattern, similar to the Western dietary pattern observed in our study, was positively correlated with plasma inflammatory markers 32, 33 . Another possible mechanism through which adolescent diet may play a role in colorectal carcinogenesis is epigenetic programming. It has been shown that epigenetic modifications in young monozygotic twin pairs diverge as they become older, possibly due to differential exposure to environmental factors such as diet 34 . Another study found that severe energy restriction during adolescence and young adulthood may lower risk of colorectal cancer with a CpG methylator phenotype (CIMP+), suggesting that persistent epigenetic changes as a consequence of energy restriction during early stages of a life course may affect the risk of developing colorectal cancers later in life 35 .
In our study, significant associations between dietary pattern scores during high school and risk of adenoma were only observed for rectal and advanced (Western pattern only) but not for colon and non-advanced adenomas. In contrast, the majority of studies on adult dietary patterns and risk of colorectal cancers have observed inverse associations between a "healthy"
and positive associations between a "less healthy" dietary pattern and risk of colon cancers, while results for rectal cancer were less consistent 6, 7, 9 . However, for some studies results were based on a limited number of rectal cancer cases [36] [37] [38] . Recent evidence suggests that positive associations for adult red and processed meat intake, an established risk factor for colorectal cancer may be slightly stronger for rectal than colon cancers [39] [40] [41] . To our knowledge, only one small Japanese study in 1,331 middle aged men has examined associations between adult dietary patterns and adenoma separately for colon versus rectal adenoma 42 . In that study, a higher "highdairy, high-fruit and-vegetable, high-starch, low-alcohol" dietary pattern was significantly associated with a lower risk of colon adenoma, but not rectal adenoma, possibly due to the small numbers of rectal adenoma cases (n=63). No associations were found between a higher "animal food" dietary pattern and risk of colon or rectal adenoma. The biological mechanisms that could explain our findings for rectal adenomas are unclear. Recent data suggests that the frequency of molecular characteristics of colorectal cancers (e.g. microsatellite instability, BRAF mutation) may differ by colorectal subsite 43, 44 . Furthermore, there is data suggesting that lifestyle factors influencing inflammation and oxidative stress may particularly influence various rectal tumor markers 45 . However, we are not aware of any study that has investigated the association between adolescent dietary patterns and colorectal adenoma separately by molecular subtypes.
Our study has some limitations that need to be discussed. First, dietary intake during adolescence was retrospectively recalled when women were 34-51 years old and we had to rely on these women's memory and ability to recall diet during this time period. The HS-FFQ has been shown to be a dietary assessment instrument with reasonable reproducibility and validity 19, 20 . The HS-FFQ data were collected prior to diagnosis of colorectal adenoma, thereby reducing potential recall bias. In addition, misclassification of exposure is likely non-differential, which tends to bias associations towards the null association 46 . Because epidemiological studies on adolescent diet and risk of cancer later in life are extremely time consuming and expensive, the HS-FFQ is a useful instrument to apply in large cohorts in order to examine associations between adolescent diet and risks of adult cancers. Secondly, using factor analysis to derive dietary patterns requires some subjective decisions such as how to group individual food items into food groups, decision on the number of dietary patterns to be retained 23 , as well as labeling of the dietary patterns. In our cohort, a Western pattern during adolescence has been positively associated with risk of type 2 diabetes in later life, underlining the ability of the HS-FFQ to capture adolescent dietary patterns and their relevance in relation to later risk of chronic disease 18 . Another limitation of our study is that some women had more than one lower bowel endoscopy during the study period, and thus had a higher probability of having a colorectal adenoma detected than women with only one endoscopy. However, results were similar after restricting analysis to cases diagnosed at their first endoscopy. In addition, the number of endoscopies during the study period did not differ by quintiles of high school dietary pattern scores.
Major strengths of our study include the large sample size, which made it possible to assess associations by location and neoplasia phase of adenomas as well as the ability to adjust for a variety of confounders during early life as well as confounders during adulthood including adult dietary patterns. Nevertheless, residual confounding by measured and unmeasured confounders cannot be excluded.
In conclusion, to our knowledge this is the first study to suggest that adherence to a prudent pattern during adolescence may lower risk of rectal adenoma in adulthood, whereas a
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